Bleaching gel containing hydrogen peroxide (H 2 O 2 ) cause damages in pulp tissue. This study investigated the action of a topical anti-inflammatory, the Otosporin®, in rats' bleached teeth with the null hypothesis of which the Otosporin® is no able to minimize the pulp inflammation that bleaching gel generates. The rat's molars were divided into groups: BLE: bleached (35% H 2 O 2 concentration /single application of 30 min); BLE-O: bleached followed by Otosporin® (10 min); and control: placebo gel. In the second day after dental bleaching, the rats were killed, and the jaws were processed for hematoxylineosin and immunohistochemistry analysis for tumor necrosis factor alpha (TNF-α), interleukin (IL)-6 and IL-17. The data collected were subjected to Kruskal-Wallis and Dunn statistical tests with at a 5% level of significance (p<0.05). The BLE group had moderate to strong inflammation in the occlusal third of the coronary pulp, with necrotic areas; and BLE-O, mild inflammation (p<0.05). There was a significant difference in the occlusal and middle thirds of the coronary pulp between the BLE with BLE-O and control groups (p<0.05). There was no difference in the cervical third (p>0.05). The BLE group had a high immunoexpression of TNF-α than BLE-O and control groups (p<0.05), with moderate and mild immunoexpression, respectively. Regarding IL-6 and IL-17, the BLE group had higher immunoexpression than control (p<0.05); the BLE-O was similar to the control (p>0.05). The topical anti-inflammatory Otosporin® can reduce pulp inflammation after dental bleaching in the rat teeth.
Introduction
Dental bleaching is one of the most commonly used procedures in routine dental clinic when patients wish to whiten their teeth. However, studies have indicated that dental tissues undergo changes after performing this procedure (1, 2) . Damage arises from the oxidation reaction that occurs between the reactive oxygen species (ROS) released by hydrogen peroxide (H 2 O 2 ) contained in bleaching gel with the organic and inorganic structures of tissues (1, 3) .
With regard to dental pulp, it is well known that the ROS causes inflammatory events of various degrees in this tissue (4) (5) (6) that are often considered irreversible (4, 5) . The inflammation generated to the pulp tissue is related to the tooth sensitivity reported by most patients after dental bleaching (7) .
Our previous studies showed the presence of chronic inflammatory infiltrate in the pulp after the bleaching procedure (6, (8) (9) (10) , which was greater with a higher concentration of bleaching gel (9) (10) (11) , product application time (8) , or number of sessions (5) . Inflammation after dental bleaching is also reported in studies in cell culture (12) and humans' teeth (4).
Perhaps the most significant challenge of dental bleaching is to obtain a satisfactory result of brightening without promoting tooth sensitivity. Oral anti-inflammatory administration minutes before dental bleaching showed satisfactory effects in reducing tooth sensitivity immediately but not one-hour post-bleaching (13, 14) . A meta-analysis showed that, in fact, there are several studies that evaluated the preemptive use of anti-inflammatories on tooth sensitivity caused by in-office bleaching but found insufficient evidence about the use of these to prevent tooth sensitivity caused by bleaching (15) . Most likely, the drugs were unable to act on the inflammation caused to the pulpal tissue.
A recently published trial evaluated the prior topic use of dipyrone and also did not found any reduction on tooth sensitivity caused by in-office bleaching (16) . However, Otosporin® is a drug with anti-inflammatory action differentiated by its strong penetrating power into tissue, which guarantees it to be better and fast acting (17) . This medication consists of a combination of antibiotics polymyxin B sulfate and neomycin sulfate and hydrocortisone, which acts as an anti-inflammatory, immunosuppressant and vasoconstrictor (18) and is used in various endodontic procedures (19) . Thus, the topical use of this drug could minimize the damage caused by dental bleaching.
In the study of Rezende et al. (16) , the topical use of dipyrone was before of the bleaching session and is possible that the use of the topical anti-inflammatory after the bleaching session will have a better result, which has not yet been evaluated. Knowledge of the mechanism of action of Otosporin® over the pulp tissue of bleached teeth is important, especially the modulation of the inflammatory process. While the most of studies evaluated the preemptive oral administration of anti-inflammatory drugs (15) , the present study aimed to evaluate the topic application of an anti-inflammatory after the bleaching.
The study of pro-inflammatory cytokines may be the key to a better understanding of how this relationship is established. We observed earlier that dental bleaching is capable of promoting an increase of the interleukin (IL)-6, IL-17 and tumor necrosis factor (TNF)-α in the dental pulp tissue (6, 10) .
The objective of this study was to investigate the anti-inflammatory potential of Otosporin® by histological analysis and immunoexpression of pro-inflammatory cytokines TNF-α, IL-6 and IL-17 in the pulp tissue of Wistar rats after dental bleaching. Null hypothesis: Otosporin® is not able to reduce the inflammation in the pulp tissue when applied after dental bleaching.
Material and Methods

Bleaching and Anti-Inflammatory Protocols
The hemimaxilla containing the molars of the right side of each rat were randomly divided into groups as follows (n=10): the BLE group received 35% H 2 O 2 (Whiteness HP Maxx; FGM Dental Products, Joinville, SC, Brazil); and the BLE-O group received 35% H 2 O 2 followed by Otosporin® (Farmoquímica S/A, Rio de Janeiro, RJ, Brazil). The hemimaxilla with the molars of the left side were the control group and received placebo gel. The rats were anesthetized by intramuscular injections of ketamine (80 mg/kg, Ketamina Agener 10%, União Química Farmacêutica Nacional S/A, Embu-Guaçu, SP, Brazil) and xylazine (10 mg/ kg, Xilazin, Syntec do Brazil LTDA, Cotia, SP, Brazil). With the aid of a syringe of 1.0 mL, 0.01 mL of H 2 O 2 gel was applied to the right upper 3 molars of bleached groups for a single application of 30 min. Then, the molars were cleaned with cotton pellets and washed thoroughly with water. The BLE-O group received a 10-min application of 0.01 mL of Otosporin®, with the aid of a syringe of 1.0 mL, after the bleaching session. The control group received 30 minutes of placebo gel (the vehicle for the bleaching gel) composed of the thickener with the addition of distilled water in the proportion of 3:1.
Histology and Immunohistochemical Analysis
Two days after the bleaching and anti-inflammatory session (8) the animals were euthanized with an overdose of Thiopental anesthetic (240 mg/kg, Thipentax, Cristália -Produtos Químicos Farmacêuticos Ltda, Itapira, SP, Brazil). The hemimaxilla were separated, dissected and fixed in a solution of 4% buffered formaldehyde for 24 h. The specimens were decalcified in a 10% ethylenediaminetetraacetic acid solution for three months and then dehydrated, clarified and embedded in paraffin.
The serial histological sections of each specimen were selected from the point where the mesial root of the first molar was seen at its full longitudinal extension. Five-micron sections were performed in the vestibularlingual plane. The blades with sections were stained with hematoxylin-eosin or submitted to immunohistochemistry.
Immunohistochemistry was performed using an indirect imunoperoxidase technique (6,10) for TNF-α (1:100, goat anti-TNF-α, SC 1350; Santa Cruz Biotechnology, Santa Cruz, CA, USA), IL-6 (1:100, rabbit anti-IL-6, SC 1265; Santa Cruz Biotechnology) and IL-17 (1:100, rabbit anti-IL-17, SC 7927; Santa Cruz Biotechnology). The histological sections were deparaffinized in xylene and hydrated in a decreasing ethanol series. Antigen retrieval was achieved by immersing the histological slides in citrate buffer solution (Antigen Retrieval Buffer; Spring Bioscience, Pleasanton, CA, USA) in a pressurized chamber (Decloaking Chamber; Biocare Medical, Concord, CA, USA) at 95°C for 10 min. The slides were rinsed with phosphate-buffered saline at the end of each stage of the immunohistochemical reaction. The histological sections were immersed in 3% H 2 O 2 solution for 1 h and 20 min and in 1% bovine serum albumin for 12 h to block the endogenous peroxidase activity and nonspecific sites, respectively. The histological slides were divided and incubated with one of the primary antibodies, that were diluted (Antibody Diluent with Background Reducing Components; Dako Laboratories, Carpinteria, CA, USA) and placed in a moist chamber for 24 h. The histological sections were incubated with a biotinylated secondary antibody for 1 h and 30 min and were subsequently treated with streptavidin-horseradish peroxidase conjugate for 1 h and 30 min (Universal Dako Labelled Streptavidin-Biotin kit; Dako Laboratories). The slides were rinsed with phosphatebuffered saline, and the reaction was developed using the chromogen 3,3′-diaminobenzidine tetrahydrochloride (DAB Chromogen kit; Dako Laboratories) and was counterstained with Harris's hematoxylin. The negative controls consisted of specimens submitted to the procedures previously mentioned but without the primary antibodies.
Histological and immunohistochemical analysis were performed by a single calibrated operator in a blinded manner under light microscopy (400×, DM 4000 B; Leica, Wetzlar, Germany). For the histological analysis, the pulp chamber was divided into thirds (occlusal, middle and cervical) (5), and inflammation was scored considering the intensity and cell distribution in accordance with the approximate average number of inflammatory cells present in each third of the same specimen (Table 1) 
(5).
For immunohistochemical analysis, pre-established scores were applied to the immunoexpression (Table 1 ) (6,10) that was considered in the cells and extracellular matrix. The analysis was performed considering the full extent of the pulp chamber in the histological section.
Statistical Analysis
The data collected were subjected to Kruskal-Wallis and Dunn statistical tests with Sigma Plot software (San Jose, CA) at a 5% level of significance.
Results
Histological Analysis
The control group had tissue organization in the full extent of the pulp chamber and an absence of inflammation. We observed that the pulp tissue of bleached groups had histological features including tissue disorganization and inflammatory infiltrate. Statistically analyzing the inflammatory infiltrate and the presence of necrosis, these features were highest in the BLE group, which had areas of necrosis in most specimens, especially in the occlusal third of the coronal pulp. Necrosis was not observed in the BLE-O group. The scores attributed to the inflammatory infiltrate in the pulp tissue of each group can be visualized in Table 2 . Same letters in the rows indicate no statistically significant difference among the groups (p>0.05).
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Immunohistochemical Analysis
All groups showed positive immunoexpression for TNF-α, IL-17 and IL-6. The extracellular matrix showed positive expression in specimens of all of the groups, mainly in the occlusal and middle thirds of the coronary pulp of the bleached groups. Positive expression was also observed in the cytoplasm of cells. The aspects of immunohistochemistry are shown in Figure 1 .
Most specimens in the control group showed a low immunoexpression for TNF-α; in the BLE group, there was a strong immunoexpression in most specimens. The BLE-O group displayed a moderate immunoexpression (Fig. 1, Table 2 ).
In the analysis of IL-6 and IL-17, a low immunoexpression was predominant in specimens in the control group; the BLE group showed some specimens with a strong immunoexpression. In the BLE-O group, most specimens showed a moderate immunoexpression, and some specimens had low immunoexpression (Fig. 1, Table 2 ).
Comparison Among the Groups
The comparison between the scores attributed to the inflammatory infiltrate and immunoexpression of each group is presented in Table 2 . In the histological analysis, inflammation was significantly higher in the BLE group compared to the other groups in the occlusal and middle thirds of the coronary pulp (p<0.05); there was no difference between groups in the cervical third (p>0.05). The BLE-O group was similar to the control group in all thirds of the coronary pulp (p>0.05).
In the immunohistochemical analysis, the BLE group had higher immunoexpression significance for TNF-α compared to the other groups (p<0.05) and higher immunoexpression significance for IL-6 and IL-17 when compared to the control group (p<0.05). The BLE-O group was similar to the control group in the analysis of all inflammatory markers (p>0.05).
Discussion
Our previous studies with rat molars (5, 6, 8, 9) , and humans (4), as well as studies in vitro with cultured cells and an artificial pulp chamber (12) , showed that bleaching gel damages pulp tissue. Thus, we sought solutions through anti-inflammatory drugs to minimize the damage. This in vivo study analyzed the anti-inflammatory potential of Otosporin® on the pulp tissue of rat teeth after dental bleaching and revealed that this drug was capable of minimizing the damage caused to the pulp tissue by bleaching agents, which rejects our initial hypothesis.
Other oral anti-inflammatory drugs have been tested, but the results were not satisfactory (13) . These results may indicate that oral anti-inflammatory drugs may not influence the response of the pulp tissue. In this way, a previous study used a non-steroidal anti-inflammatory topically in a failed attempt to reduce post-operative bleaching sensitivity (16) . However the medication was used before bleaching gel. Our results were different, which may be due not only to the properties of the medication used in this study, but mainly by using it topically after the application of the bleaching gel.
Otosporin® is known as a medicine with high penetration capacity due your vehicle (17) . The composition of Otosporin® consists of neomycin sulfate, polymyxin B sulfate and hydrocortisone. The corticosteroid action of Otosporin® is what highlights this drug to be used as an anti-inflammatory agent to inflamed pulpal tissue, and its use has been reported in previous studies (17, 19) . It was shown that it has the capacity to penetrate into dentin and reduce the dental sensitivity after the preparation of deep cavities. With regard to enamel, microcracks present in its superficies (1) also could favor the penetration of Otosporin® through this tissue, reaching the dentin-pulp complex. This could increase after the use of H 2 O 2 , which increases the porosity of enamel (1) .
It is reported that most patients who undergo the bleaching procedure have postoperative sensitivity (7, 13) . A previous study showed that the risk of dental sensitivity is higher in office bleaching, with 62.9% of patients reporting sensitivity when compared to the home bleaching group, where the risk of dental sensitivity was 51% (7) . Studies suggest that tooth sensitivity is closely related to inflammation generated by bleaching agents to pulp (7) . This is due to the diffusion of H 2 O 2 by enamel and dentin (11) , which can be seen, in the dentin-pulp complex (5) causing inflammation of the pulp (2, 12) . Pain after bleaching treatments can also affect healthy teeth, as opposed to common tenderness, where pain occurs in exposed dentin (7) .
Otosporin® reduced the inflammation the bleaching agent caused and thus possibly can minimize patients' postoperative sensitivity. The immunohistochemical analysis also indicates some influence of Otosporin® in the inflammatory process of pulp tissue after dental bleaching. Histologically, the control group showed intact pulp tissue with layers of dentin without change and in continuity with the layer of odontoblasts. This group showed low immunoexpression for TNF-α, IL-6 and IL-17. Other studies also revealed that levels of cytokines are expressed in normal healthy teeth (20) . After dental bleaching, the levels of these cytokines increased. However, the BLE-O group presented lower TNF-α immunoexpression compared to the BLE group, and the immunoexpression for IL-6 and IL-17 was similar to that found in the control group, which did not occur with the BLE group.
TNF-α and IL-6 regulate the attraction of inflammatory cells and were found in odontoblasts and fibroblasts after pulpal injury caused by dental materials (10, 12) . They were also present after H 2 O 2 application to cell cultures (12) . TNF-α is a central mediator in initiating the cascade of inflammation, including the induction of cytokine production, as the IL-6 (21). TNF-α also causes dilation and increased permeability of blood vessels (21) . High levels of this cytokine were found in inflamed pulp tissue (10, 20) , as observed in this study. Furthermore, pulps with symptomatic irreversible pulpitis showed higher levels of TNF-α compared with pulps with asymptomatic irreversible pulpitis and normal pulps (20) .
IL-6 acts as an important mediator of inflammation, and similar to TNF-α, it also induces vascular permeability, resulting in inflammatory edema (21) . As a consequence, intra-pulp pressure may be increased, leading to clinical symptoms (21) . In this study, the levels of TNF-α and IL-6 were increased after dental bleaching. Thus, these cytokines can be correlated with symptoms in bleached teeth, characterized as dental sensitivity.
It is essential to regulate increases in intra-pulp pressure caused by these mediators to avoid greater damage of tissue. Otosporin®, through corticosteroid action, can act to minimize the dilation of blood vessels and therefore the inflammatory process, a fact demonstrated by decreased labeling of inflammatory mediators. In addition, as these mediators are related symptoms, they would also be minimized by the action of Otosporin®. Furthermore, depending on the concentration of these mediators in the pulp tissue, degenerative effects may occur, such as the release of proteolytic enzymes capable of damaging the tissue (22) . It is therefore important that these markers are regulated in the inflammatory process.
Other studies suggest that ROS causes the release of chemical mediators that may sensitize pulp nociceptors (23) . Still, the ROS can directly increase the expression of substance P (SP), a nociceptive neurotransmitter responsible for the modulation and sensation of pain (22) . SP was shown to be capable of increasing the T helper 17-cell response characterized as a preferential producer of proinflammatory IL-17 cytokine (24) . In the present study, IL-17 was increased in the presence of the bleaching gel, and Otosporin® showed potential to reduce levels of this cytokine. As SP was elevated in pulp tissue after bleaching procedure (23), we can speculate that Otosporin® may also act on SP, minimizing IL-17 levels. Studies to investigate this possible action are good direction for future research.
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IL-17 is well known in periapical lesions and in bone-resorption processes, but its role in pulpitis is not well understood (10) . It is known that IL-17 stimulates the production of the other cytokines in human dental pulp fibroblasts and T-cell proliferation (10) , in addition to being related to increases in neutrophil. Studies also show that SP-induced IL-17 in cell culture may increase the production of IL-6 (24) . Thus, the reduction of IL-17 may have contributed to the reduction of IL-6 levels in the present study.
In general, the presence of cytokines in the intracellular space leads to increase of phagocytosis and the release of toxic agents to eliminate the aggressor (20) . This can have a beneficial or deleterious effect on tissue, depending on the active time (21) . The use of anti-inflammatory agents is important to minimize aggression, prevent the progression of inflammation to necrosis and help the pulp tissue repair.
However, it has been previously reported the role of sensory nerves in responses induced by oxidizing agents (25) . Nociceptive afferent fibers express many receptors, among them the transient receptor potential ankyrin 1 (TRPA1), which has been found to be an important mediator of H 2 O 2 -induced pain and its sub-products (25) . Thus, it is important to note that pain reported by patients undergoing bleaching procedures is largely related to the activation of TRAP1, and that reduction of inflammation may not necessarily indicate a significant clinical reduction of tooth sensitivity (25) . However, it has been found that TRPA1 is involved in the detection of toxic compounds, as sub-products of the oxidation of various pathological conditions of chronic inflammation (25) . That is, damage to the pulp tissue is observed after bleaching, which generates cellular peroxidation, resulting in products that would further sensitize TRPA1. Thus, inflammation and tooth sensitivity are closely linked, but it is necessary to check in the future if Otosporin® has an effect on the reduction of TRPA1 sensitization, reinforcing that this drug can minimize post-bleaching sensitivity.
Although it has been performed on rat teeth, this study provides relevant information on the pathogenesis of pulp inflammation by the bleaching, which was controlled by the use of Otosporin® as anti-inflammatory. This because rat molars have the same anatomical, histological, biological and physiological characteristics of human teeth, besides the same proportion of enamel and dentin (8) . When evaluating the influence of the bleaching on the pulp, Cintra et al. (8) , could verify the similarity of their results with the findings of the study by Costa et al. (4) , who performed a similar analysis, but in human incisors. Because of these similarities, the authors suggest that studies in molars of Wistar rats can be targeted and improved to predict results of procedures performed on human teeth. However, clinical studies involving pain-related markers may be important to verify the possible reduction of tooth sensitivity through the use of Otosporin® after bleaching.
This study indicates that dental bleaching is capable of causing damage to the pulp tissue of rat molars, and this damage can be minimized by use of Otosporin® after the bleaching procedure.
Resumo
O gel clareador à base de peróxido de hidrogênio (H 2 O 2 ) causa danos ao tecido pulpar. Este estudo investigou a ação de um anti-inflamatório tópico, o Otosporin®, nos dentes de ratos clareados com a hipótese nula de que o Otosporin® não é capaz de minimizar a inflamação da polpa gerada pelo gel clareador. Os molares dos ratos foram divididos em grupos: ClA: clareado (H 2 O 2 a 35% / aplicação única de 30 min); CLA-O: clareado seguido do Otosporin® (10 min); e controle: gel placebo. No segundo dia após a clareação dentária, os ratos foram mortos e suas maxilas foram processadas para análise de hematoxilina-eosina e imunohistoquímica para o fator de necrose tumoral alfa (TNF-α), interleucina (IL)-6 e IL-17. Os dados coletados foram submetidos aos testes estatísticos de KruskalWallis e Dunn com um nível de significância de 5% (p<0,05). O grupo CLA apresentou inflamação moderada à severa no terço oclusal da polpa coronária, com áreas necróticas; e CLA-O, inflamação leve (p<0,05). Houve diferença significativa nos terços oclusal e médio da polpa coronária entre o grupo CLA com os grupos CLA-O e controle (p<0,05). Não houve diferença no terço cervical (p>0,05). O grupo CLA apresentou maior imunoexpressão para TNF-α comparado aos grupos CLA-O e controle (p<0,05), com imunoexpressão moderada e leve, respectivamente. Em relação a IL-6 e IL-17, o grupo CLA apresentou maior imunoexpressão comparado ao controle (p<0,05); o CLA-O foi semelhante ao controle (p>0,05). O anti-inflamatório tópico Otosporin® pode reduzir a inflamação pulpar após clareação em dentes de ratos.
